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Abstract
Purpose: To measure the retinal nerve fibre layer (RNFL) thickness values and investigate their associations with other param-
eters in healthy eyes of  Black South Africans.
Methods: 600 participants with healthy eyes, of  whom 305 (50.83%) were males and 295 (49.17%) were females, with a mean 
age of  28.15 ± 13.09 years, underwent a detailed ophthalmic examination. RNFL thickness was measured by iVue SD-OCT.
Results:  The mean global RNFL thickness was 110.01 ± 7.39 μm. The RNFL was thickest inferiorly (135.06 ± 9.66 µm) and 
superiorly (131.72 ± 10.46 µm), thinner nasally (87.24 ± 13.22 µm), and thinnest temporally (73.63 ± 15.66 µm). Multivariate 
analysis showed that thicker mean global RNFL thickness was significantly associated with younger age, shorter axial length (AL) 
and hyperopia (p < 0.001). Mean RNFL thickness decreased by approximately 0.11 µm per year of  aging life, and by 1.02 µm 
for each 1-mm of  axial elongation. There was a 0.62 µm RNFL thickness increase for every dioptre change in spherical power 
towards more hyperopia.  
Conclusion: Mean RNFL thickness values and their associations established in this population may be of  clinical value when 
assessing factors that influence this parameter and diagnosing diseases affecting it.  
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Introduction
Glaucoma is the second leading cause of  global blindness, 
its prevalence varying among different racial groups.1 Pri-
mary open angle glaucoma has been reported to be more 
prevalent amongst Black African people, while angle clo-
sure glaucoma is commonest amongst Asians.1 This con-
dition is characterised by progressive optic neuropathy, 
accelerated damage of  the retinal ganglion cells and ax-
ons, and thinning of  the retinal nerve fibre layer (RNFL) 
and neuroretinal rim.2 Recent evidence suggests that loss 
of  ganglion cells and anomalies of  the RNFL occur be-
fore functional deficits become manifest in the  visual 
fields.3 Objective, quantitative and sensitive assessment 
methods of  the RNFL thickness are therefore essential 
to diagnose and monitor progression of  optic nerve dis-
eases, such as glaucomatous optic neuropathy and other 
neurological causes.4
 
Optical coherence tomography (OCT) is a non-invasive, 
non-contact imaging technique that provides real time, 
objective and in-vivo cross-sectional images of  the ret-
ina and its sub-structures, being useful to diagnose and 
manage a variety of  retinal diseases and glaucoma.5 OCT 
works on the principle of  interferometry, which uses re-
flected light to determine the interface between different 
ocular tissues and create a cross-sectional image (tomo-
gram) of  the tissue of  interest.5 The RNFL fibres appear 
as a highly reflective layer due to their unique perpendic-
ular arrangement in relation to the direction of  the OCT 
light beam, which  allows its borders to be automatically 
detected and its thickness measured using computer al-
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gorithms.5 The recently developed spectral domain (SD-
OCT) technology5 has a five times higher image resolu-
tion and 60 times faster imaging speed compared with the 
conventional time domain (TD-OCT) devices, resulting 
in improved diagnostic accuracy in detecting early glau-
coma.6,7,8
 
Normative databases of  RNFL thickness values from 
age-matched normals are used to interpret thickness mea-
surements generated by SD-OCT machines. These values 
vary and cannot be used interchangeably between dif-
ferent SD-OCT machines.9 In addition, studies10,11 have 
shown that RNFL varies with age, gender, race and eth-
nicity, refractive error, axial length and disc area, which in-
dicates the need for the normal RNFL thickness values to 
be determined for each ethnic group. Furthermore, early 
diagnosis of  glaucoma requires accurate and reliable mea-
surement of  RNFL thickness, as well as adequate knowl-
edge of  the normal values of  the RNFL thickness and 
optic disc configuration in normal subjects. This study 
was therefore conducted to establish normal values of  
the RNFL using the iVue SD-OCT, and to investigate 
their associations with systemic and ocular parameters. 
The systemic variables include age, gender, height (H), 
weight (W), body mass index (BMI), systolic and diastol-
ic pressure, while the ocular variables include spherical 
equivalent refractive error (SE), axial length (AL), anteri-
or chamber depth (ACD), crystalline lens thickness (LT), 
corneal diameter (CD), anterior corneal curvature (ACC), 
central corneal thickness (CCT) and intraocular pressure 
(IOP) in order to optimise the predictive power of  this 
instrument for ocular diseases management.
 
Subjects and methods
This cross-sectional study was conducted at the Eye Clin-
ic of  the University of  KwaZulu-Natal, Durban, South 
Africa. After obtaining ethical approval from the Univer-
sity of  KwaZulu-Natal’s Biomedical Ethics and Research 
Ethics Committee, 600 subjects with no ocular problems, 
other than refractive error, were enrolled for the study. 
The subjects were selected through stratified random 
cluster sampling in six districts of  Durban, a major City 
in the Kwa-Zulu Natal Province of  South Africa. To ob-
tain a 95% confidence level at a standard deviation of  5, 
the minimum sample size needed for the study sample 
was 384 subjects. This number was obtained by using the 
formula: n = (z x s)2 / e2, where n = sample size, z = 
1.96 (95% confidence interval), s = standard deviation of  
5, e = deviation of  0.5.12 Two field workers approached 
the subjects in their houses and informed them about the 
purpose of  the study. Those who agreed to participate 
in the study were transported by one field worker to the 
examination site, while the other fieldworker moved to 
the next selected site.
 
The study protocol adhered to the tenets of  the Dec-
laration of  Helsinki, and all participants gave accent or 
consent after the nature of  the study had been explained 
to them. All subjects underwent a complete ophthalmic 
examination, including a review of  medical history, re-
fraction, assessment of  ocular motility and alignment, as-
sessment of  IOP, slit-lamp biomicroscopic examination, 
standard automated perimetry, and a fundus examination. 
Subjects with best-corrected visual acuity of  worse than 
20/20, IOP > 21 mmHg, visual field loss, history of  oc-
ular diseases or trauma, intracranial disease and diabetes 
mellitus, intraocular surgery or any kind of  laser thera-
py, amblyopia or strabismus, abnormalities of  the disc or 
RNFL were excluded. The other exclusion criteria were: 
media opacity, history of  glaucoma, or any other hered-
itary eye disease, history of  neurological, metabolic, vas-
cular disorders, or other systemic disease possibly affect-
ing the eye.
 
Body height and weight were recorded, and blood pres-
sure (BP) was measured in mmHg. Height was measured 
in centimetres (cm) with a tape measure and weight was 
measured in kilograms (kg) with a digital Adam equip-
ment scale, while BP was assessed with an automated 
Rossmax International MediPro 100F BP device. These 
measurements were taken three times and averaged. BMI 
was established by dividing the weight in kilograms (kg) 
by height in metres squared (m2) or BMI=kg/m2. Re-
fractive errors were determined by both autorefraction 
(with theNidek AR-310A) and subjective refraction. 
Subjective refraction results were used to determine the 
relevant spherical equivalents, which was defined as the 
spherical power plus half  of  the minus cylindrical pow-
er (sphere + ½ cylinder). IOP measurements were taken 
using the Nidek NT530P Tonopachy. AL, ACD and LT 
were measured using the Nidek US-500 Echoscan, while 
CD and ACC were measured with the Oculus Kerato-
graph 4 (OCULUS Optikgeräte GmbH). The iVue-100 
SD-OCT (Optovue Inc. Fremont, CA, USA) device was 
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used to measure CCT and RNFL thickness. The iVue-100 
SD-OCT scans faster (26,000 A-scans per second) and 
provides higher resolution cross-sectional images (5 µm) 
than the TD-OCT.5,6,7,8 RNFL measurements were per-
formed using the optic nerve head (ONH) iVue-100 (Op-
tovue, Inc.) protocol, which consists of  12 radial scans 
3.4 mm in length and 13 concentric ring scans ranging 
from 1.3 to 4.9 mm. RNFL thickness was measured along 
a circle of  3.45 mm diameter centred on the optic disc, 
with the outputs from the measurements being temporal, 
superior, nasal, and inferior average. All measurements 
were taken with the eyes in their natural undilated state, 
and three consecutive scans were performed successively, 
with their average being computed and used in the analy-
ses. All scans were performed by the same examiner and 
the scans were accepted only if  they were free of  arte-
facts and had signal strengths of  at least 40 (as suggested 
by the manufacturer).
 
All statistics were done using the Stata: Data analysis and 
statistical software (Version 11.0, Texas, USA). Analysis 
of  variance (ANOVA) between groups was performed in 
different quadrants. Pearson correlation coefficients were 
determined to examine the correlation of  RNFL values 
between the two eyes. The Kolmogorov-Smirnov test 
was used to evaluate the normality of  the distributions 
of  the RNFL thickness data. Descriptive statistics such 
as ranges, means, standard deviations and confidence in-
tervals were used to determine the main outcome param-
eter. Univariate analyses were performed to determine 
the associations between RNFL thickness and ocular 
and systemic parameters. Multivariate regression analysis 
was performed with RNFL thickness as the dependent 
parameter and all systemic and ocular parameters as in-
dependent variables, which were associated significantly 
with RNFL thickness in the univariate analyses. All p-val-
ues were two-sided, and a probability (p) value < 0.05 was 
considered to be statistically significant.
 
Results
Participants included 305 (50.83%) males and 295 
(49.17%) females, with the ages ranging from 10 to 66 
years. Regarding the RNFL thickness of  the right and left 
eyes, there was a strong correlation, (r = 0.934, p < 0.01) 
the results of  the right eyes are therefore presented here. 
The mean RNFL thickness of  all subjects was 110.01 µm 
± 7.39 (95% CI: 109.06-111.95). The mean RNFL thick-
ness was highest in the inferior quadrant, 135.06 ± 9.66 
(95% CI: 134.63–136.22); followed by superior, 131.96 
± 10.46 (95% CI: 129.10–132.81); nasal, 87.24 ± 13.22 
(95% CI: 86.98–89.41); and temporal quadrants, 73.63 ± 
15.66 (95% CI: 71.02–75.05). RNFL thickness values in 
all the four quadrants differed at the p < 0.05 levels.
 
A decrease in RNFL thickness was significantly associat-
ed with increasing age, with Figure 1 showing a significant 
negative linear relationship between age and global thick-
ness (p < 0.001). Decreasing RNFL thickness was also 
significantly (p < 0.001) associated with increasing my-
opia (Figure 2). In the univariate analysis, thicker RNFL 
thickness was associated with systemic variables such as 
shorter individuals (p < 0.001), and with ocular param-
eters such as shorter AL (p < 0.001), thinner CCT (p = 
0.02), and lower intraocular pressure (p = 0.004). Other 
associations from the univariate analysis are shown in Ta-
ble 1.
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Table 1: Univariate analysis of associations between mean global retinal nerve fibre layer 











9 5% CI of B or 
Mean difference 
Age (years) <0.001 -0.12 -0.09 -0.18, -0.09 
Gender 0.66       
Body height (cm) <0.001 -0.15 -0.06 -0.14, -0.03 
Body weight (kg) 0.87       
BMI (kg/m2) 0.04 0.11 0.04 0.02, 0.22 
Systolic blood pressure (mmHg) 0.42       
Diastolic blood pressure (mmHg) 0.77       
Spherical equivalent (D) <0.001 1.24 0.21 0.89, 1.55 
Axial length (mm) <0.001 -1.42 -0.14 -1.88, -0.84 
Anterior chamber depth (mm) 0.18       
Lens thickness (mm) 0.62       
Corneal diameter (mm) 0.36       
Anterior corneal curvature (mm) 0.04 -1.96 -0.03 -3.12, -0.36 
Central corneal thickness (µm) 0.02 -0.04 -0.02 -0.05, -0.01 
Intraocular pressure (mmHg) 0.004 -0.16 -0.02 -0.28, -0.09 
  
  
The RNFL thickness in the multivariate analysis was 
found to be significantly associated with lower age (p < 
0.001), shorter AL (p < 0.001), and hyperopic SE (p < 
0.001). Hyperopic SE (beta = 0.13), shorter AL (-0.11), 
followed by younger age (beta = -0.07) had the highest 
standardised correlation coefficients, and thus had the 
most marked influence on RNFL thickness (Table 2).
 
Using the regression coefficients of  the multivariate anal-
ysis, and assuming a linear age-related decline in RNFL 
thickness, the mean global RNFL thickness values de-
clined by 0.11 µm per year of  aging. A 1-mm axial elon-
gation decreased the mean global RNFL thickness by 
approximately 1.02 µm. There was a 0.62 µm increase in 
RNFL forevery dioptre change in SE towards more hy-
peropia (Tables 1 and 2)
 
Table 2: Multivariate analysis of associations between mean global 
retinal nerve fibre layer thickness and systemic and ocular parameters 
  
  




95% CI of B   
Age (years) <0.001 -0.11     -0.07 0.18, 0.05   
Axial length (mm) <0.001 -1.02 -0.11 -1.35, -0.46   
Spherical equivalent 
(D) 
<0.001 0.62 0.13 0.51, 1.32   
  
Discussion
RNFL thickness measurements are essential to enable 
the early diagnosis of  glaucoma, as thinning of  this layer 
may be the earliest clinically detectable structural change 
in glaucoma.3 Knowledge of  the normal distribution pat-
terns of  this layer is also essential to avoid confusion with 
physiological and pathological variations.13 To the best 
of  our knowledge, the only published report of  RNFL 
OCT values in South Africa was conducted by Murugan 
et al,14 who compared the RNFL of  40 Black and 40 Indi-
an myopic students at the University of  KwaZulu-Natal, 
South Africa. Murugan et al’s14 study is however limited 
by consideration of  a narrow age group, small sample size 
and refractive status (the study only considered myopic 
subjects in a single university sample).
 
The mean global RNFL thickness of  110.01 ± 7.39 
µm found in this study is higher than the mean global 
RNFL thickness reported in other healthy Black, Asian 
and White populations.11,13-16. Racial variations in RNFL 
African Health Sciences Vol 16 Issue 4, December, 20161191
thickness have been reported in the literature and may 
be due to differences in study sample sizes, age cohorts, 
study designs and methods, as well as OCT device algo-
rithms (software to detect retinal boundaries).11,13-17 How-
ever, our findings suggest that Black South Africans have 
thicker RNFLs than those of  other Black (African-Amer-
icans, African-Caribbeans), Asian and White populations.
 
The mean RNFL thickness was significantly thicker in the 
inferior quadrant than in the superior quadrant, followed 
by the nasal quadrant and finally the temporal quadrant, 
which is consistent with the characteristic ‘‘double-hump’’ 
configuration of  RNFL thickness reported in previous 
studies.14,18,19 This pattern reflects the nerve fibres con-
verging to the optic nerve head (ONH) from the superior 
and inferior arcuate bundles.18,19 Previous OCT and his-
tologic studies11,20,21 have described RNFL thickness to be 
associated with age, with a reported average decrease of  
approximately 2 µm for every decade of  aging.
 
Our study showed a 1.1 µm decline in mean total RNFL 
thickness per decade of  aging. This low decline may be 
due to the fact that significant age-related decay of  the 
optic nerves occurs after the age of  60 years,22 and there 
were only six subjects who were 60 years and older in 
our study. However, this association may not be uni-
form across the entire age spectrum and there might be 
some subtle associations when age is disaggregated into 
children and adults. The age-related decline in RNFL 
thickness should be taken into account when establish-
ing normal limits, as it can be considerable in individual 
segments. For example, studies23,24 have shown that the 
largest age-dependent decline in RNFL occur in the su-
pero-temporal and infero-temporal quadrants, in which 
the main blood vessels are located, and could be respon-
sible for the shape and thickness of  the RNFL profile. 
Bendschneider et al25 suggested that “if  blood vessels make 
a substantial contribution to the shape and thickness of  the OCT 
RNFL profile, further investigations subtracting blood vessels from 
the RNFL thickness calculation are needed to clarify if  age-depen-
dent changes in blood vessel diameter are predominantly responsible 
for RNFL decrease in these areas”.
 
The relationship between RNFL thickness and AL has 
been examined in several studies18,21 and has yielded con-
flicting results. Cheung et al18 reported that longer ALs 
were associated with thinner mean RNFL in a popula-
tion-based study of  Chinese adults. Knight el al21 ob-
served that AL had a negative correlation with the mean 
RNFL thickness, but a positive correlation with the tem-
poral quadrant RNFL thickness in 63 Chinese adults. We 
found an association between the RNFL thickness and 
shorter AL, which has also been reported in previous in-
vestigations.18,26,27 AL and refraction are usually correlat-
ed, which could explain the association found in this study 
between the average RNFL thickness and hyperopic SE. 
A 1-mm axial elongation caused a mean 1.02µm RNFL 
thickness decrease, while a +1 dioptre increase (towards 
hyperopia) in refractive error caused a 0.62 µm increase 
in RNFL thickness, as a result of  which, thinning of  the 
RNFL with greater negative refraction (and longer AL) 
can be expected. The RNFL thinning is possibly due to 
the fact that there is a stretching of  the eyeball in myopia, 
resulting in thinner RNFL in eyes with longer ALs.28
Limitations 
This investigation has certain limitations. Firstly, we used 
non-cycloplaegic refraction which may over-estimate 
the myopia rate in some younger subjects. Secondly, we 
included a relatively low range of  refractive errors and 
larger scale studies with a wide range of  refractive errors 
and the inclusion of  other South African ethnic groups 
are warranted to make comparative inferences. Thirdly, 
all findings and conclusions made in the study are valid 
for black South Africans with an age of  10 to 66 years 
and cannot be generalised for the entire population. This 
may be particularly important in the interpretation of  the 
correlation between RNFL thickness and age. For exam-
ple, the 1.1 µm decline of  RNFL thickness per decade of  
aging cannot simply be extrapolated to any age groups 
except the 10 to 66 year-old range.
 
Conclusion
The mean RNFL thickness in a healthy black South Af-
rican population was 110.01 ± 7.39 μm, which is higher 
than those reported in other races. On average, the RNFL 
was thicker inferiorly and superiorly, and thinner nasally 
and thinnest temporally. Hyperopic spherical refraction, 
followed by shorter AL and younger age had the most 
marked influence on mean global RNFL thickness. This 
information is important for clinical work, as it provides 
a point of  reference for comparison with findings in dis-
eases situations.
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